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he Problem

gnetoencephalogram (MEG) | £
ordings are taken at over 100
ations around a head

» time series data fj(t) are analysed for
chronicity {

tudy functional Connectivity INn brain

Vity
nt to distinguish betweerrr ‘

ue synchronlc:|ty and
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synchronization plot during a seizure

&



nchronization plot during normal brain act




alSe) syncnronization IS seen IT Sensors al
close together, too

how close Is too close




PhysICS
Biot-Savart law:
tic field B due to magnetic dipole:

pog(t) [3(m-r)r
s 2

—

Im

e the dipole is ¢(t)m - :
m is a unit vector /-




nchronicity
’rinciple, we could:

Assume n dipoles, each with position z;,
rientation 8;, time series Fj(?)

Jse the data at the surface to solve the
nverse problem and estimate each of the
iime series Fj(1)

I'hen test each pair of time series for syn-
“hronicity



Problem.

Too many parameters and not enough data

Unknown number of dipoles

Inverse problem 1s infeasible

But can we devise a measure that will

indicate synchronicity?



Synchronicity

ave a time series f;(?)

»mplexity f; by using the Hilbert transtorm
:_P/ fT)

en use  J; -|-’l:fj = Te (bj
> define the phase ¢; of the jth sensor

hen form the average < ei(%:qbk)>
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Eftect of tiltering?

® afilter is applied to data before
calculating phase

® no filter means no synchronization S
seen

® white noise gives S ~ 0.3 after filtering
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wild behaviour for phase




Principal Components Analysis:
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Figure 1: Original Data
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two-dimensional brain!
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Test Rypotheses

MODEL 1: The data is well described by
the unsynchronized brain

MODEL 2: The map produced by a pair
of pertectly synchronized dipoles PLUS the

map for the unsynchronized brain describes
the data



Simulations




ocal Inverse problernr
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plicity, restrict to two dimensions, with m = (cosf,sin f).
ion (z, —d) leads to a signal

q 3d(—zcosf +dsinf)
s(z) = (22 dg)wz 12 4 (2 sin 0

urface y = Q0.



 3d(—x cos 6 + dsin 6)

r2 + d?

sin &




osc we measure the signals at three sensors; say s(z) = 1 (with
cencerality), s(x — 1) = s;, s{z + 1) = s5. We pose the question:
casurcd valucs consistent with a single dipole? If not, we must
g at lecast two sources.

liminating ¢ and 6, we get the equation

24 (2 — 1)) d? + ¢ + 22) ‘> @@ 1)) 24 2
171
2 (d? + 2)*? (242 + 22 — 1) 2(d? +22)°? (2d? + 22 -

A

moment, supposc we know d = 1 (this is quite realistic in practi

is cquation can have two or no roots for z, depending on the val
d Sn.
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Questions?



